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IMPROVED ELECTROCHEMICAL BIOSENSOR TEST STRIP

-Fleld of the Inventlon -

- This mventxon relates to a biosensor and its use in the detectlon or measurement of

analytes in fluids.

Background of the Invention
- The prior art includes test strips, including electrochemical biosensor test strips,
for measuring the amount of an ana]yte in a fluid.
Partxcular use of such test strips has bcen made for measuring glucose in human -

blood Such test strips havc been used by diabetics and health care professionals for

‘monitoring their blood glucose levels. The test strips are usually used in conjunction with

a mete’r, which measures light reflectance, if the strip is designed for photometric

detection of a dye, or which measures some electrical property, such as electncal current,

, 1f the strip is designed for detection of an electroactive compound.

However, test strips that have been prevmusly made present certain problems for

' mdmduals who use them For example, test strips are relanvely small and a vision

o nnpalred diabetic may have great difficulty properly addmg a sample of blood to the
20

sample application area of the fest strip. It would be useful for the test strip to be made so

V that vision impaired persons could easily dose the test strip.

When the test strip is a capillary fill device, that is, when the chemical reaction

- chamber of the test strip is a capil]ary space, particular problems can occur with ﬁlling the

" chamber smoothly and sufﬁclently with the liquid sample to be tested. Due to the |

30

smallness of the capxllary space and the composmon of materials used to make the test

: stnp, the test sample may hesitate entering the capillary reaction chamber. Further,
 insufficient sample may also be drawn into the capillary reaction chamber, thereby

resulting ini an inaccurate test result. It would be very useful if such problems could be

.A . . l ) : ) .

" Finally, test strips, especially those used by diabetics for measuring blood glucose
are mass produced. Processes, such as mechanical punching, used to make these test
strips can cause a test reagent that has been dried onto a surface of the testing area to

crack or break, thereby. causing reagent loss or improper placement of the reagent within

.
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the strip It would also be useful to design a test reagent that could withstand processing

steps, such as mechanical punchmg
'I'he electrochemical, biosensor test stnp of the present invention prov1des

solutions to these above-stated problems found in prior art test stnps

Summary of the Invention

- The invention is an improved electrochemical biosensor test strip with four new,

highly udvautageous features.

" The first new feature is an indentation along one edge of the test strip 'fo'r easy :
identiﬁcatiou’of the sample application port for vision impairal personé or for use .in Zero
or lovlr lighting conditions. _ |

The test strip has a capillary test chamber, and the roof of the test chamber
,iucludes the second new feature of the biosensor test strip. The second new feature is a

tra.nsparent or translucent wmdow which operates as a “fill to here” line, thereby

 identifying when enough test sample (a liquid sample, such as blood) has been addcd to
 the test chamber to accurately perform a test. The window defines the minimum sample

amount, or dose, required to accurately pefform a test, and, therefore, represents a visual
failsafe which reduces the chances of erroneous test results due to underdosing of a test
' The length and width of the window are shorter than the length and width of the
caplllary test chamber. The wmdow is dimensioned and posmoned so that it overlays the

o entire width of the working electrode and at least about 10% of the width of the counter or

25

30

reference electrode of the biosensor test strip. Preferably, the area of the roof surroundlng
the window is colored in a way that provides good color contrast between the sample,
‘observed through the window, and the roof area surrounding the window for ease of.
_1dent1fy1ng sufﬁclent dosing of the stnp g

o The third new feature of the test strip is the inclusion of a notch, or multxple
notches, located at the sample application port. A notch is created in both the first
insulating substrate and the roof of the strip. These notches are dimensioned and
positioned so that they overlay one another in the test strip. These notches reduce a
phenomenon called “dose hesitation”. When a sample is added to the sample application
port of a notchless strip, the sample can hesitate in its introduction into the capillary test

2.
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chamber. This “dose hesitation™ adds to the testing time. When the test strip includes a
notch, dose hesitation is reduced. Further, including the notch in both the first insulating

‘ substrate and the roof makes it possible for the test sample to approach the sample

: apphca’uon port from a wide vanety of angles. The angle of approach for the test sample

would be more limited if the notch were only in the roof. :
* * Finally, the fourth new feature of the test strip is a reagent that includes
polyethylene oxide from about 100 kilodaltons to about 900 kilodaltons mean molecular

weight at concentrations from about 0.2% (weight:weight) to about 2% (weight:weight),

which rnakes the dried reagent more hydrophﬂic and sturdier. With the inclusion of
po_lyeﬂrylene oxide, the test reagent can more readily withstand mechanical punching
during strip assembly and mechanical manipulation by the user of the test strip. F urther,
the dried reagent, which will include from about 1.75% (weight:weight) to about 17.5%

E (weight:Weight) polyethylene oxide, can easily redissolve, or resuspend, when an aqueous

test sample is added to the stn'p’s test chamber.

Bnef Descngtron of the Drawmg _ , .
: Flg 1is an exploded view of a preferred embodlment of the present mventlon
Fig.2 shows a fully assembled, preferred test stnp, _
Figs. 3a-3i represent a preferred method of making the inventive test strip.
" Fig. 4 is a cross .sectiona] view of the test strip of Fig. 2A through line 28-28.
Fig. 5 is a cross sectional view of the test strip of Fig. 2 through line 29-29.
Fig, 6 illustrates hypothetical calibration cufves for different lots of test strips.

Descnptlon of the Invention .
. The components ofa preferred embodunent of the present inventive brosensor are

shown in Figures 1, 2,4 and 5 The biosensor includes first insulating substrate 1, which

* bas first suface 22 and second surface 23. - Insulating substrate 1 may be imade of any

useful insulating material. Typically, plastics, such as vinyl polymcrs, polyimides,
polyesters, and styrenics provide the electrical and structural properties which are desu'ed.
First insulating substrate _1_ further includes indentation 2, notch 3, and vent hole 4.

- Because the biosensor shown in Fig. 1 is intended to be mass produced from rolls of

material, necessitating the selection of a material which islsufﬁciently flexible for roll

3
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processmg and at the same time sufficiently stlff to grve a useful stiffness to the finished

" biosensor, a particularly preferred first msulatmg substrate 1is 7 mil thick MELINEX 329

plastic, a polyester avarlable from ICI Films (3411 Silverside Road, PO Box 15391,
Wilmington, Delaware 19850). | R

As shown in Fig. 1, electrically conductrve tracks 5 and 6 are laid down onto first
surface _2_2_ of first insulating substrate 1 . Track 5 may be a worktng_ electrode, made of

electrically conducting materials such as palladium, platinum, gold, carbon, and titanium.

 Track 6 may be a counter electrode, made of electrically conductmg materials such as

_palladmm platinum, gold, silver, silver containing alloys, mckel-chrome alloys, carbon,

‘titanium, and copper. Noble metals are preferred because they provide a more constant

reproducible electrode surface. Palladium is particularly preferred because it is one of the

more difficult noble metals to oxidize and because it is a relatively inexpensive noble

~ metal,

Preferably, electncally conductive tracks 5 and 6 are deposrted onan msulatrve
backing, such as polyimide or polyester, to reduce the possrbtltty of tearing the electrode
matenal during handhng and manufactunng of the test stnp ‘An example of such
' conductive tracks is a palladium coating with a surface resistance of less than 5 ohms per
square on UPILEX polyimide backing, available from Courtalds-Andus Performance '
Films in Canoga Park, California. _ _

Electrically conductive tracks 5 and 6 represent the electrodes of the biosensor test

, strrp These electrodes must be sufficiently separated L) that the electrochermcal events at

one electrode do not interfere wrth the electrochermcal events at the other electrode The

' preferred distance between electrodes 5 and 6 is about 1.2 mrlhmeters {mm).

In the test strip shown in Fig. 1, electncal]y conductrve track 5 would be the
working electrode, and electrically conductive track 6 would be a counter electrode or -

- reference electrode. Track 6 would be a reference electrode if made of typical referenee

electrode materials, such as silver/silver chloride. In a-prefer_red,. embodiment, track 5 is-a -

- working electrode made of palladium, and track 6 is a counter electrode that is also made

of palladium and is substantially the same size as the working electrode. )
Three electrode arrangements are also possible, wherein the strip includes an:

- additional electrically conductive track located between conductive track 6 and vent hole

4. In a three electrode arrangement, conductive track 5 would be a working electrode,

4
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track 6 would be a counter electrode; and the third electrode between track 6 and vent

o hole 4 would be a reference electrode.
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" Overlapping conductlve tracks 5 and 6 is second msulatmg substrate 7. Second -

_ ins'nlatmg substrate Z is made ofa similar, or preferably the same, material as first
" insulating substrate 1. Substrate 7 has a first surface 8 and a second surface 9. Second
- surface 9 is affixed to the surface of substrate 1 and conductive tracks 5 and 6 by an

adhesive, such as a hot melt glﬁe.‘» An example of such glue is DYNAPOL S-1358 glue,
available from Hiils America, Inc., 220 Davidson Street, PO Box 6821, Somerset,‘ NJ

. 0887 3. Substrate 7 also includes first opening 10 and second opening 11. First Opening

lO exposes pomons ‘of conductrve tracks 5 and 6 for electrical connection with a meter,
‘which measures some electrical property of a test sample aﬁer the test sample is mixed
with the reagent of the test strip.- Second opening 11 exposes a different portion of

" ‘conductive tracks 5 and 6 for apphcatlon of test reagent 12 to those exposed surfaces of

'tracks 5and 6. (In Fig. 1, the entire width of conductive tracks 5 and 6 are exposed by

~ opening 11. However, it is also possible to expose only a portion of the width of
' ' conductive track 6, which is either a counter electrode or a reference electrode, as long as
" atleast about 10% of the width is exposed by opemng 11) Addmonally, second
- msulatmg substrate 7 mcludes indentation 19, which coincides with indentation 2 as

shown in Fig. 1. ,

Test reagent 12 is a reagent that is speclﬁc for the test to be performed by the test
strip. Reagent 12 may be applied to the entire exposed surface area of conductive tracks
5 anid 6 in the area defined by second opening 11, Other applications ofreagent 12 in this

* region are also possrble For example, if conductlve track 6in. thls regron of the stnp has

K reference electrode constructlon, ‘such as sﬂver/srlver chlonde then test reagent 12 may

only need to cover the exposed area of workmg electrode 5 in‘this. region. Further, the

enttre exposed area of an electrode may not need to be covered with test reagent as long |

as a well defined and reproducible area of the electrode is covered with reagent
“*Overlaying a portx_on of first surface 8 and second opemng 1Lkisroof 13. Roof13
‘iricludes indentation 14 and niotch 15. Indentation 14 and notch 15 are shaped and
positioned so that they directly overlay indentations 2 and 19, and notch 3.. Roof 13 may

be made of a pl'asﬁc material, such as a transparent or translucent polyester foil from

about 2 mil to about 6 mil thickness; Roof 13 has first surface 16 and second surface 17.

-
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Set:ond_ surface 17 of roof 13 1s affixed to first surface 8 of second insulating substrate 7
by a suitable adhesive, such as 3 M 9458 acrylic, available from 3M, Identiﬁcation and

s 'Converter Systems Division, 3M Center, Building 220-7W-03 St. Paul, MN 55144

10
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- Preferably, roof 13 further includes txansparent or translucent window 18.

o Window 18 is dlmcnsmned and positioned so that when roof 13 is affixed to second -

insulating substrate 7, the window overlays the entire width of conductive track 5 and at
least about ten percent of the width of conductive track 6.
_ Second surface 17 of roof 13, the edges of opening 11, and first surface 22 of

| lnsulatmg substrate 1 (and conductive tracks 5and 6 affixed fo first surface 22 of

- substrate 1) define a capillary testing chamber. “The length and width of this capxllary |
chamber are defined by the length and width of opening 11 and the height of the chamber
is defined by the thickness of sccond insulting substrate 7.

A preferred test strip may be manufactured as shown by the process illustrated by
Figs. 3a-3i." A sheet of insulative substrate material 21 (MELINEX 329, 7 mil thickness,

available from ICT) is coated on one side with hotmelt adhesive (DYNAPOL S-1358,
E avallable from Hills) (F ig. 3a) Sheet 21is cut along line 24, thereby formmg first -

| msulatmg substrate 1, coated with adhesxve on first surface 22, and second msulatmg
‘substrate 7, coated wnth adhesive on second surface 9. (Figs. 3b and 3c) First opemng 10
and second opening 11 are created in substrate 7 by die punching. (Fig. 3d) Next,
electncally conductive tracks 5 and 6, made of palladium on Upilex backing (avmlable

from Courtalds-Andus Pcrfonnance Fxlms), are unspooled from reels precut to about 1.5

o mllhmeters w1dth and lald down on surface 22 of substrate 1 so that the prlex backmg is

A badjacent to: surface 22 Surface 9 of substrate 7 is laid adjacent to surface 22 of substrate

.} and to conductivé tracks Sand 6, thereby fornn_ng the sandwich structure shown in Fig. .
25 - '

IR Atestreagent 12 wthendxspensed into opening 11 11 and dried. (Fig. 3f) After

3e.. This sandwich structure is heat sealed. -

reagent J_Z_ is dried, vent hole 4 is created by a die punch, (Fig. 3g) Next, roof _1_3, which

" includes hydrophilic coating 25 and window 18, is laid down over opening 11 ina
" _ manner such that window 18 'overiaps the entire width of conductive track 5 and about
7300

‘one halfof the width of conducnve track 6 Roof 13 is released from a release liner and

T adh&sxvely affixed to surface 8 as shown in Fig. 3h.
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Finally, individual test strips are punched out by a die punch as shown in Fig. 3i.

- The die punch may purch out test strips with or without notch 15. If notch 15 is included,

the preferred angle of the vertex is 105°. Other angles, such as from about 45° to about
105°, are also possible for notch 15. Further, notch 15 may be a single notch or multiple

" notches.

As noted above, test reagent 12 is dispensed into the area of the test strip deﬁned
by cutout 11. In the manufacturing process described above, it is preferred to provide
corona treatment of opening 11 before test reagent _1_2 is applied. The application of
corona treatment serves to increase the surface energy of the portion of surface 2 and

conductive tracks 5 and 6 exposed by opening 11, encouraging uniform spreading of

- reagent 12, and to pre-clean the portion of conductive tracks 5 and 6 exposed by opening

11. Pre-cleaning of conductiVe tracks 5 and 6 has been found to significantly improve the
performa.nce of the test strip. Corona treatment may be applied at Watt densities. rangmg
from about 20 to about 90 watts per centiineter per second (W/cm/s) with an arc gap of
about 1 millimeter (0. 040 mch)

In the preferred method, the corona treatient is applied in blanket form o;'er the

- surfaces shown in Fig, 3e at the above described watt densities The treatment is most

effective if apphed within 5 minutes of reagent 12 i2 apphcatton and is typxcally practiced
w1thm 45 seconds of reagent 12 application.

It is advantageous to reduce the effects of corona treatment on surface 8 in order to

: ensure that reagent 12 will fully coalesce i in opening 11 and does not have a greater

aﬂimty for surface 8 than for the portlon of surface 22 and conductrve tracks 5 and 6

' exposed by opening 11. A corona drss1patron process, which allows for the selective -
reduction of the effects of a blanket corona treatment process, is mcorporated to. reduce
25 -

the effects of the treatment on areas of the web (the sheet of test strips bemg processed)
outsrde of opening 11. This corona dissipation process consrsts of applymg a thin film of
deionized water such that the water contacts surface 8, but will not contact opemngs 10
and 11. Apphcatxon of the thin film of water, which is preferably from about 1. 5 microns
to-about 3.0 microns thickness (about 9.1 grams of water per square meter), may be
accomplished via wick pad, flexographic print, or other commercially available costing
application methods. The thin film of water is then dried from the surface, using forced
convection or infrared methods just prior to application of reagent 12. The net effect of

7
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. this treatment is that the surface energy of surface 8 is eﬂ'ecttvely reduced to less than 62

o dyne prior to the application of reagent 12 12 whrle the surface of area wrthm opemng ll is

10
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; mamtamed atit’s post corona treatment surface energy.

In the preferred embodlment, test reagent 12 is formulated for the measurement of
glucose in a human blood sample. A protocol for the preparatlon ofa hter ofa preferred

 glucose reagent utilizing the enzyme quinoprotein (pyrrolotqumohn_e quinone (PQQ)-

containing) glucose dehydrogenase a_nd the redox mediator ferricyanide is shown
immediately below. (Quinoprotein glucose dehydrogenase is Enzyme Commission No.
1.1.99.17.) . |

Step 1: Prepare a solution of NATROSOL in deionized water. This is accorhplished by

' addmg 0.45 grams (g) of NATROSOL-250M (a mxcrocrystalhne hydroxyethylcellulose

available ﬁom Aqualon) to 414g of deionzied water while stirring at a speed of no less
than 250 revolutions per minute (rpm) for a period of no less than 30 minutes. M1x1ng is

N best accomphshed with an overhead rotating impeller usmg a three or four bladed turbine
- 'type propcller ‘The selection of propeller size and conﬁguratlon is largely ‘based on the
. radius of the mixing vessel being used. ‘The selected propeller’ wnll typrcally have a radius

: greater than 75% of the _radrus of the mixing vessel. .

Step2: To the solution from Step 1, 5.6g of AVICEL RC-591F (a microcrystalline
cellulose available from FMC Corp.) is dispersed by gradually adding this AVICEL to the
solution while:mi)dng- ata speed "of.n'o,‘ less than 570 rpm for no less than 60 minutes.

Step 3: To the mixture from Step 2, 8. 4g polyethylene ox1de (300 ktlodalton mean
:' molecular ‘weight) is added gradua.lly whxle mixing ata speed of no less than 690 rpm for

- a period of no less than 45 minutes.

Step 4: A buffer solutton is prepared by addmg 12.1g of monobasrc potassium phosphate
(anhydrous) and 21 .3g of dibasic potassmm phosphate (anhydrous) to 450g of deionized

water.. - -
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~ Step 5: A 50g aliquot of the buﬁ'e;'soluﬁen is removed from the préparation of Step 4.

To this 50g aliquot, 12.5mg of coenzyme PQQ (evailable from Fluka) is added. This-
solution is stirred until the coenzyme is eompletely dissolved. :(A magnetic stir bar and

" magnetic stir plate are preferred for enzyme preparation.)

Step 6: To the solution from Step 5, 1:21 million units of the apoehzyme of quinoprofein

' glucose dehydrogenase is-added gmdually While stirring at alow speed (less'than 400 $pm -
ona magne’ac stir plate) to prevent foarmng The resultmg solution is mlxed for no less
than 2 hours to allow the association of the enzyme and coenzyme to stablhze thereby
resultmg ina solutxon of quinoprotein glucose dehydrogenase

Step 7: To the buffer solution from Step 4, 59.1g of potassium ferﬁcymﬁde is added.

© . Next, 6.2g of sodium succinate is added. The resulting solution is 'mixed until all solutes

© 15

20

are completely dlssolved After dissolution, the pH of the solution is assessed and is
reqmred to be approxunately 6.76 plus or minus 0.05.

Step 8: The solution fromAStep 7 is gradually incorporated into the mixture from Step 3,
while mixing ata rate of no less than 190 rpm. -

AStep 9 To the mlxture from Step 8, 20g trehalose is added, whxle mlxmg at a rate of no

'_ more than 190 rpm fora penod of not less than 10 minutes. f

Rt Step 'lO 0. 35g of TRITON X—l-OO surfactant, available fr'o'm Boeliﬁnger Mannhexm '

T- .25

30

' Blochemxeals, is added to'the mixture from Step 9, while mixing at a rate of no more than

190 rpm. This mlxture must continue m1xmg for no less than 5 rmnutes

Step 11: The enzyme solution from Step 6 is added to the mixture from Step 10 and the

. pow complete mgent is mlxed at a rate of no less than 190 rpm for a period of no less
' than 30 minutes.”
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Step 12: The reagent can 'now' be filtered, as needed by the manufacturing equipment, by

passmg it through a100 mrcron sieve bag or through a 100 micron ﬁlter mtegral toa

pumping system.

The na'poenzyme of quinoprotein gllicose dehygrogenase, specified above, is

 obtained from Boehringer Mannheim GmbH in Germany (Bochringer Mannheim GmbH

identification number 1464221). Alternatively, this apoenzyme may be obtained from
Acinetobacter Calcoaceticus by the following protocol, recited in Duine et al., FEBS

' Letters, vol. 108, no. 2, pps- 443-46

' Acmetobacter Calcoacehcus are grown on a mmeral salt medmm supplemented

. w1th 0 02 molar (M) sodium succinate or 0.10 M ethanol at 22° C with good aeration.

The cells are harvested at the end of the logarithmic phase anda wet—cell yield of ~ 4g/1
“can be obtained. . '

Frozen cells (10g) are thawed and rmxed thh 15 mllhlxters (ml) of 36 nulhmolar
(mM) Tris/39 mM glycme buffer. After adding 6 mllhgrams (mg) lysozyme, the -
| suspension. is stirred at room temperature for 15 min. and centnfuged for 10 min. at -
48,000 X g The supernatant is discarded and the pellet extracted tw1ce with 36 mM

~ Tris/39 mM glycine buffer, containing l% TRITON X-100 surfactant The supematants

of the centrlfugatlon steps are combmed and used immediately.
The cell-free extract is added to a DEAE-Sephacel column (13 X 2.2 centlmeters
(cm)), equilibrated with 36 mM Tris/39 mM glycine buffer, containing 1% TRITON X-
100 surfactant and the column is washed with the same buffer. The enzyme does not

. adhere to the column material and the combined active fractions are tntrated thh 2M
" acetic acid to pH 6.0. ‘This solution is added mmedxately toa column of CM-Sepharose

CL-6 B (5 X 1.cm), ethbrated with 5 mM potassmm phosphate (pH 6. 0) Aﬁer .
washing the column w1th the same buffer until no TRITON X-1 00 surfactant i is present in

. . the eluate, the enzyme is eluted with 0.1 M potassium phosphate (pH 7.0).

-30-

‘ " The enzyme is then dialyzed against 0.1 M sodrum acetate (PH 4. 5), contammg 3
M potassmm bromide at 4° C for 72 hours. The enzyme is then dialyzed agamst 0.02M
potassium phosphate (pH 7.0) for 12 hours, resulting in the apoenzyme. ‘
In the prefeired test strip, opening 11 is about 3.2 millimeters by about 6.7

" millimeters. In the preferred embodiment of a glucose test strip, 4.5 microliters of test

10
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a reagent made by the above protocol is added to opening 11. (See F1g 3f) This amount of

reagent will substantlally cover the exposed surfaces of conducuve tracks 5 and 6 in

' opemng 11 Test reagent 12 is then dried at about 70°C for about 1 to 2 minutes.

~ The resulting, preferred dried glucose reagent film will contain from about 2, 000

to about 9, 000 units of enzyme actmty per gram of reagent. The preferred reagent will

contain the following additional components per gram of reagent:
62.2 milligrams (mg) polyethylene oxide |
3.3mg NATROSOL 250M
41.5mg AVICEL RC-591 F
89.4mg monobasic potassium phosphate
157.9mg dibasic potassium phosphate
437.3mg potassium ferricyanide -_
46.0mg sodium succinate
148.0mg trehalose
2. 6mg TRITON X-100 sm'factant o
Importantly, mcludmg from about 0.2% by weight to about 2% by werght
polyethylene oxide having a mean molecular weight from about 100 krlodaltons to about

* 900 kilodaltons,and preferably about 0.71% by weight polyethylene oxide having a mean

molecular weight of 300 kilodaltons, in the wet reagent referred to above provides atest
'reag'ent that, when dried, is sturdier to strip processing steps, such as mechanical ‘

‘ punching, sturdler to mechanical mampulatron by test strip user, and that will redlssolve

or resuspend when an aqueous sample, such-as human blood, is added to it.- After drying,

" the percentage of polyethylene oxrde ranges ﬁ'orn about 1.75% (werght welght) to about
- 17 5% (weight: welght) In the prefened, dried reagent, the percentage of polyethylene

ox1de is about 6.2% (weight:weight).
" The preferred, dried, glucose reagent film thickniess will be such that, in
combination w1th the inherent propertles of the test chermstry, the sensitivity of the test to

: mterference from hematocrit variation is mitigated. ‘In this preferred embodiment of the
i mventxon, the film tlnckness (as gauged by the ratio of wet reagent dispense.volume to the

surfaee area exposed by opening 11) is such’ that 4.5 rmcrohters of reagent is drspensed

into an area of approximately 22.5 square millimeters (the preferred area of opemng 1.

Including polyethylene oxide from about 100 kilodaltons to about 900 kilodaltons mean

11
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molecular yveight in a film with the thickness described above, resultsina Sensor :

_possessing a reduced sensitivity to hematocrit variation when glucose is measured from a

human blood sample.

~ After test reagent 12 is dried in opening 11, 11, roof 13 is laid over opemng 11 and

: adheswely affixed to surface 8as described above. Roof 13 itself is made in a separate

' process according to procedures descnbed below.

Preferably, roof 13is made of MELINEX 561 polyester foil, havrng a thxckness of -

 5mil. A substantially opaque ink is printed on first surface 16 in pattern 27 such that

wmdow 18 remains transparent or translucent. The window is posrtroned and

drrnensroned so that when the roof is affixed to surface 8, it w111 align with opening 11 11as

~_shown in Fig. 3h.

15

20

"~ On second surface 17, an adhesive system is larmnated in order that the roof may
be ultimately afﬁxed to surface 8. This adhesive system can convcmently be an acrylic

adhesive such as avarlable from many commercial sources, but preferably part number

" 9458 from 3M Inc.

In addition, prior to placmg the roof on surface 8, a piece of coated transparent or
transluccnt plastic, preferably a ponethylene terephthalate (PET), such as Melinex S
plastic ﬁ'om about 0.001 to about 0.004 inch thick, is placed agamst the adhesive system
on second surface 17, and ahgned wrth, and extending beyond the dimensions of wmdow
18 Thrs coated plastic i is hydrophilic coatmg 25, Coatlng 25is specrﬁcally chosen to

o mrpart a hydrophrhc nature to the mtemal surface of the caprllary test chamber to -

25

30 -

-encourage flow of an aqueous sample, such as, blood, mto the test chamber Coatmg 25
. .canbe chosen from many : avarlable coatmgs desrgned to present a hydrophrhc surface, but
' product number ARCARE 85 86 avmlable from Adhesrves Research, Inc,, 1s preferred :
_ Coatmg 25 also acts to prevent direct contact of the root’ s adhesnve to reagent 12 12 ’

- Finally, roof 13 is placed onto surface 8. (See Fig. 3h) Iti isat this stage that the
transparent or translucent wmdow 18 deﬁned by the absence of printed ink on roof 13
must align with opening 11 as shown in Fig. 3h. The dimensions of transparent or
uanslucent window 18 should be chosen such that a substantial fraction of the width ‘
(greater than about 75%) of the underlying capillary channel is visible through window
18. The orthogonal dimension of wmdow 18 should expose the entire w1dth of the

-workmg electrode 5. Therefore, when a sample, such as blood, is mtroduced into the -

12
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.~ capillary test chamber, through sample application port 20, it is possible for a user of

10

-20

30

" reasonable visual acuity to defermine if the window is entirely full of the sarnple.‘ By

choosing the window dimensions as just stated it is possible to provide feedback fcr the
user of the test strip that the strip has been sufficiently dosed with a test sample. Visual

conﬁrmatxon of the window being full provides assurance that a sufficient area of the

- working electrode is covered with sample and that a sufficient part of the counter or

reference electrode 6 is also covered. This coverage of the electrodes by the test sample is
irnportant to achieving an accurate test in a capillary-fill electrochemical biosensor . This
visual confirmation of sufficient dosing_nc')f the test strip provides a safeguard against
erroneous test results due to undetected underdosing of the test strip. |
‘ Completed test strips 26 are used in conjunction with a meter capeble of
measuring 'scme electrical property of the test sample after addition of the test sample to
: semple applicaﬁon port 20. (See Fig. 2) The electrical property being measured may be,

“for example, electrical current, electncal potentral electrical charge, or 1mpedance An
SRR example of measuring changes in electncal potential to perform an analytrcal test is
illustrated by U.S. Patent No. 5,413,690, the disclosure of which is hereby mcorporated

V by reference

An example of measunng electrical current to perform an analytxcal test is |

. .illustrated by U. S. Patent Nos. 5,288,636 and 5,508,171, the disclosures of which are

hereby mcorporated by reference. ,

' In the preferred embodiment, test strip 26 is connected to a meter, which includes
a power source (a battery) Improvements in such meters and a biosensor system can be
found in U. S Patent Nos. 4,999, 632; 5,243, 516 '5,366,609; 5,352,351 5 ,405, 511 and
5 43 8,27 1, the dlsclosures of which are hereby mcorpora.’ted by reference

Many analyte-containing fluids may be analyzed by the electrochemlcal test strip
of the present invention. For example, analytes in human body fluids, such as whole
blood, blood serum, urine and cerebrospinal fluid may be measured. Also, analytes found
in fermentation products and in environmental substances, which potentially contain
environmental contammants may be measured. '

. For determining the concentration of glucose in a human blood sample with the
preferred test strip recited above, wherein tracks 5 and 6 are palladlum of substantially
the same size and the glucose reagent is the reagent specified above, a blood sample may

13
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be added to sample apphcatron port 20. - The sample w111 be drawn into the test chamber

by capillary action. Once inside the test chamber, the blood sample will m1x with test

“reagent 12. After an incubation period of some desired time, for example, 30 seconds, a

potential dxfference will be applied by the power source of the meter between tracks 5 and
6. In the preferred embodrment the applled potential difference is 300 millivolts.
Currem may be measured at any time from 0.5 seconds to about 30 seconds after the -
potenhal difference of 300 millivolts is applied. The measured current may be correlated 5
to the concentration of glucose in the blood sample. _
. " The current measured during the assay of an analyte ﬁ'om a fluid sample may be
correlated to the concentration of the analyte in the sample by application of an algorithm
by the current rneasuring meter. The algorithm may be a simple one, as illustrated by the
following example: A

[Analyte] Cigs +d

: wherem [Analyte] represents the concentration of the analyte in the sample (see Fig. 6),

i 7.5 is the current (in microamps) measured at 7.5 seconds after application of the
potenual difference apphed between the electrodes, Cisthe slope of line 30 (Fxg 6), and
d is the axis intercept (Fig. 6).

e By making measurements with known concentratrons of analyte, calxbratxon curve
30 (Fig. 6) may be constructed This calibration will be stored in the Read Only Memory
(ROM) key of the meter and will be apphcable to a particular lot of test strips. Lines 31

“and 32 in Fig. 6 represent other hypothetical calibration curves for two other different lots

B ~ of test stnps Calibration for these biosensor lots would generate shghtly dtfferent values ‘

.25

30

for C and d in the above algonthm. : N

. Ina preferred method for analysis of glucose from a sample of human whole
blood, currerit measurements are made at 0.5 second intervals from 3 seconds 09
seconds after the potentral difference is: applred between the electrodes. These current
measurements are correlated to the coneentratlon of glucose in the blood sample..

* In this example of measurmg glucose from a blood sample, current measurernents

are made at different times (from 3 seconds to 9 seconds after application of the potential
difference), rather than at a single fixed time (as described above), and the resulting

‘ algorithm is more complex and may be represented by the following equation: v

14
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[Glucose] Cii1+Cy i+ C3iz+..Cpi ln + d wherem iy is the current

* measured at the first measurement time (3 seconds aﬂer apphcatron of the 300 rmlhvolt

potential difference), i, is the current measured at the second measurement time (3.5

_seconds after application of the 300 millivolt potential difference), i3 is the current

measured at the third measurement time (4 seconds after application of the 300 millivolt

_potential difference), iy, is the current measured at the nth measurement time (in this
_ exarnple, at the 13th measurement time or 9 seconds after apphcaﬁon of the 300 millivolt
~potent1al d1fference), Cl, Cy, C3, and Cpare coefficients derived from a multrva.nate

. . regressxon analysrs techmque such as Pnncnple Components Analysns or Partial Least
10

Squares and d is the regression intercept (in glucose concentratxon units).

Alternatively, the concentration of glucose in the sample being measured may be

_determined by integrating the curve generated by plotting current, i, versus measurement

time over some time interval (for example, from 3 seconds to 9 seconds after application
of the 300 millivolt potential diﬁ'erence), thereby obtaining the total charge'transferred
‘during the measurement penod The total charge trcmsferred is directly proportlonal to

- the concentration of glucose in the sample being measured

Further, the glucose concentration measurement may be corrected for differences
between environmental temperature at the time of actual measurement and the
environmental temperature at the time calibration was performed. For example, if the

calibration curve for glucose measurement was constructed at an environmental -

' temperature of 2-3°C,‘ the glucose measurement is corrected by using the following -

equatlon .

[Glucose]md [Glucose] measmd X (l-K(T -23°C)), wherem Tis the R

envuonmental temperature (in °C) at the tnme of the sample measurement and K is a

constant derived from the followmg regression equation:
Y =K(T-23),

wherein

‘ [Glucose] measured at 23°C ~ [Glucose)measured at ToC -

[Glucose]m a2t T°C

15
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In order to calculate the value of K, each of a multrphcrty of glucose concentratrons is

- measured by the meter at various temperatures, T, and at 23°C (the base case). Next,a .
lmear regressron of Y on ?—23 is performed. The value of K is the slope of this
' regressron | o ‘

Various features of the present invention may be mcorporated into other electrochemrcal
test stnps, such as those drsclosed in U.S. Patent Nos. 5,120,420; 5, 141 ,868; 5,437, 999

5, 192 415;35, 264,103; and 5 575,895, the drsclosures of which are hereby mcorporated by '

reference

16
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CLAIMS

1. Atest stnp, compnsmg

a first insulating substrate having first and second surfaces, an mdentatmn along -
. anedgeand a vent hole;

at least two electncally conductive tracks affixed to the first surface of the ﬁrst
insulating substrate;

a second insulating substrate having first and second surfaces an mdentatlon :

A sum]ar to the indentation of the first msulatmg substrate, and ﬁrst and
second openings, the second surface being affixed to the conductive tracks
and the first surface of the first insulating substrate and oﬁented so that the
indentation of the second insulating substrate overlays the indentation of
the first iusulating substrate, the first opening exposing a portion of the
conductive tracks for electrical connection to a meter capable of measuring
an electrical property, the second opening exposing a different portion of
the conductlve tracks and the vent hole;

" atest reagent overlaymg atleasta portxon of the conductive tracks exposed by the
second opening; and ‘

a roof havmg ﬁrst and second surfaces and an indentation that is similar to the
mdentatlons of the first and second insulating substrates, the second
surface of the roof being affixed to the first surface of the second
insulating substrate and position so that 1) the second surface of the roof
and the surfacé of the first insulating substrate form opposing Walls ofa"
capillary fill chamber and 2) the indentation of the roof overlays the

' mdentatlons of the first and second insulating substrates.

2. A test strip, compnsmg
a first insulating substrate havmg first and second surfaces, a notch along an edge
and a vent hole;
at least two electrically conductive tracks affixed to the ﬁrst surface of the first
insulating substrate

17
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a second 1nsulatmg substrate having first and second surfaces and first and second
~ openings, the second surface being affixed to the conductive tracks and the
~first surface of the first insulating substrate, the first opening exposing a
portion of the conductive tracks for electrical connection to-ameter
capable of measuring an electrical property, the second opening exposing
. a different portion of the conductive tracks, the notch in the first insulating
‘substrate, and the vent hole; V' , , | ,
a test reagent overlaying at least a portxon of the conductlve tracks exposed by the
»_ . second opemng, and :
- aroof havmg first and second surfaces anda notch along an edge, the second
- surface of the roof being aﬂixed to. the first surface of the second
- insulating substrate and posmoned so that 1) the second surface of the
_roof and the first surface of the first insulating substrate form opposing
walls of a capillary fill chamber and 2) the notch in the roof overlays the
notch in the first msulatmg substrate S ,
_ whereby the notch in the roof and the notch in the first msulatmg substrate will
e cause a hquld aqueous sample, when touched to the edge of the test strip at
the second opening in the second insulating substrate, to flow into the

.- capillary chamber without significant hesitation:

3. - A test strip, compnsmg A ,

. 4 first insulating substrate having first and second surfaces and a vent hole; |

" “atleast two electrically conductive &acks-aﬁi);ed, to the first surface of the first
 insulating substrate; | - |

. a second msulatmg subsh'ate having first and second surfaces and ﬁrst and second
'openmgs, the second surface bemg affixed to the conductlve tracks and the.
- first surface of the first insulating substrate, the first opemng exposmg a-

portion of the electrically conductive tracks for electrical connéction
to a meter capable of measuring an electneal property, the second opemng :
exposing a different portion of the ﬁrst and second electncally conductive
tracks and the vent hole;

18
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a test reagent overlaymg at least a portion of the first and second e]ectncally
_ conductive tracks exposed by the sécond opening; and
a roof having first and second surfaces and a transparent or translucent window,
the second surface of the roof being affixed to the first surface of the -
. second iusula_ting substrate and po_sitioned so that the second surface of the
roof and the first surface of the ﬁrst insulating substrate t‘orm ooposihg
- walls of a capillary fill chamber, and the transoarent or translucent tzvindow :
being dimensioned and positioned so that the window extends from the
 edge where a test sample will be applied to the test strip, overlays the
" “entire width of one of the electrically ¢onductive tracks and at least about
ten percent of the'Width. of the other'electrically conductive track.

4, A reagent_ for a test stnp, comprising: -

" reaction components appropriate for performing a test, and a dissolvable or

suspendable film forming mixture including from about 0.2% by weight to
o about 2% by welght polyethy]ene oxide having a mean molecular weight
" " from about 100 kilodaltons to about 900 kilodaltons,
- wherem the reagent may be applied to the test strip in a wet form, may be _

'A subsequently dried, and then redissolved or resuspended upon addition of

an aqueous test sample to the dried reagent. -

S 'I’he test strip of clalm 1, further compnsmg

" afirst notch along the rndentatlon in the first msulatmg substrate and a notch .
along the mdentatlon in the roof, both first and second notches being -
posmoned so that they overlay one another.

6. The test stnp of claim 1, wherem the roof has a transparent or translucent wmdow,
" ‘whichis dlmenswned and positioned so that the wmdow overlays the entire width
of the electrically conductive track that is closest to the indentation of the first
insulating substrate and at least about ten percent of the width of the other
electrically conductive track.

19
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7. The test strip of claim 5, wherein the roof has a transparent or t_xans1ucent window,
which is dimensioned and positioned so that the window overlays the entire width
_ of the electrically conductive track that is closest to the indentation of the first
| insulating substrate and at least about ten percent of the width of the other
electrically conductive track.. ' ' |

8. The test stnp of clatm 1, wherem the test reagent includes reactlon components
- _appropnate for performmg a test, and a dissolvable or suspendable film forrmng

- mxxtuxe including from about 0. 2% by welght to about 2% by weight (.
: polyethylene oxide having a mean molecular weight from about 100 kxlodaltons

" to about 900 ktlodaltons,
wherein the test reagent may be applied to the test stnp in a wet form, may be
' subsequently dried, and then redissolved or resuspended upon addition of
an aqueous test sample to the dned reagent.

9. The test stnp of claJm 5, wherem the test reagent includes reactnon components
appropriate for performmg a test, and a dissolvable or suspendable film forming
.. mixture including from about 0.2% by weight to about 2% by weight ‘
polyethylene oxide having a mean molecular weight from about 100 kilodaltons
to about 900 kilodaltons,- | |
wherem the test reagent may be apphed to tbe test strip in a wet form, may be
o subsequently dned, and then redtssolved or resuspended upon addmon of

) an aqueous test sample to the dned reagent -

10, The fest stnp of claim 6, wherein the test reagent includes reaction 'coxnnonents '
. appropriate for p&fomﬁng atest, and a dissolvable or suspendable film forming
‘ mixture including from about 0.2% by weight to about 2% by weight
. polyethylene oxide having a mean ‘molecular weight from about 100 kilodaltons
to about 900 kilodaltons, - ‘
wherem the test reagent may be applied to.the test stnp ina wet’ form, may be
subsequently dried, and then redissolved or resuspended upon addition of
an aqueous test sample to the dried reagent

20
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11." The test strip of claiim 7, wherein the test rea'gent includes reaction bernpdne_ﬁts‘ :
appropriate for performirlg a test, and a dissolvable or suspendable film forming
mixture ineluding from about 0.2% by weight to about 2% by weight
polyethylene oxide havmg a mean molecular weight from about 100 kilodaltons

 to about 900 kilodaltons, |
‘wherein the test reagent may be applred to the test strip in a' wet form, may be
subsequently dried, and then redissolved or resuspended upon addition of

an aqueous test sample to the dried reagent.

12. The test stnp of claim 1, wherein the second surface of the roof includes a
: h‘ydrophilic coating, ' ‘

B 1.3'. The test strip of claim'5, wherem the second surface of the roof mcludes a

hydrophlhc coatmg

14. The test strip of claim 6, wherein the second surface of the roof includes a
“hydrophilic coating. '

15." The test Suip of claim 7, wherein the second surface of the roof inclurles a
" hydrophilie coating. - ' A

16. The test strip of claim 8, wherein the second surface of the roof includesa
hydrophilic coating. S | o

"17. “The test strip of claim 9, Wherein the second surface of the roof includesa .

. hydrophilic cqe‘xﬁﬁé?

18. The test sirip of claim 10, wherein the second surface of the roof includes a
hydrophilic coating. -

21
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19. The test strip of claim ,1‘1 , wherein the second surface of the roof includes a 'v

_ hydrophilic coating.

- 20. The test suip. of claim 7, wherein the test reagent includes reaction components - |
5 - appropriate for the test, and a dissolvable or suspendable film forming mixture
irichxding from about 0.2% weight to about 2% by weight oolyethy1ene oxide
_having a mean molecular weight of 300 kilodaltons. o |

21 . The test strip of claim 2_0; wherein the polyethylene oxide is about 0.71% hy weight.

T

- 22 A reagent for a test strip, compnsmg
reaction components appropriate for performmg atest and from about 1.75% by
weight to about 17.5% by wexght polyethylene oxlde having a mean
molecular weight from about 100 kilodaltons to about 900 kilodaltons,
15 wherein the reagent will redissohie or resuspend upon addition of an aqueous test

sample to the reagent.

23. The test strip of claim 1, wherein the test reagent mcludes

. reaction components appropnate for performing a test and from about 1 75% by

20 " weightto about 17.5% by weight polyethylene oxide having a mean-
molecular weight from about 100 kllodaltons to about 900 kllodaltons

. wherem the reagent will redlssolve or resuspend upon addition of an aqueous test

. sample to the reagent.

25, 24 The test stnp of claim 5, wherein the test reagent includes
' reaction components appropriate for performmg a test and from about 1.7 5% by
weight to about 17.5% by welght polyethylene oxide havmg amean
_ molecular weight from about 100 kilodaltons to about 900 kilodaltons, ‘
 wherein the reagent will redissolve or resuspend upon addition of an aqueous test

30 . 'sample to the reagent. -
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25 The test strip of claim 6, wherein the test reagent includes
_ reaction components appropnate for performmg atest and from about 1 75% by
weight to about 17.5% by weight polyethylene oxide having a mean
~ molecular weight from about 100 kilodaltons to about 900 kxlodaltons

wherein the reagent w1ll redissolve or resuspend upon addition of an aqueous test

. sample to the reagent

26 The test stnp of claim 7, wherein the test reagent 1ncludes
' reactlon components appropriate for performing a test and from about 1 75% by
weight to about 17.5% by weight polyethylene oxide havmg amean
' molecular weight froxh about 100 kilodaltons to about 900 kiloda]tone,
" wherein the reagent will redissolve or resuspend upon addition of an aqueous test

sample to the reagent.

27. The test strip of claim 26, wherein the mean molecular welght of the polyethylene
oxide is 300 kilodaltons.

- 28. The test strip of claim -27, wherein the amount of polyethylene oxide in the reagent is

about 6.2% by weight._

29. A method of selectlvely mcreasmg the hydrophlhcxty of a surface by corona
treatment, compnsmg ' _ .
. applymg to the surface a corona arc at a watt densxty from about 20 to about 90
" watts per centimeter per seeond T
. then selectively applymg a ﬁlm of water to the area wherem reversmg the eﬂ'ect
- of corona treatment is desired; and
" then removing the water by drying.

30 Tlxe method of claim 29, wherein the film of water is applied at a thickness from

about 1.5 microns to about 3.0 microns.

" 31. The method of claim 30, wherein the water is deionized water.

23



- WO 99/30152 - PCT/US98/25554

32, The method of claim 31, wherein the corona arc is applled ata dlstance of about '
‘ ‘ 0 040 mch from the surface.

24
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